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Falls in older peopleFalls are common incidents, which can have major con-
sequences. For example, falls and the interrelated category
of accidents being struck by or against objects account for
more than 40% of injuries and 30% of injury costs in the
USA (Corso et al., 2006). Especially among older adults,
falls occur frequently (for overview, see Lord and Dayhew,
2001; Masud and Morris, 2001), even in the large group of
relatively fit and healthy elderly (Stel et al., 2003). Conse-
quences of falls are known to contribute substantially to
the prevalence of health problems (Lord et al., 2001),
health care costs (Stevens et al., 2006), and to lost quality
of life (Cumming et al., 2000). In the elderly, falls were
found to be the second largest source of unintentional fatal
injuries and the leading cause of nonfatal injuries (Dellin-
ger and Stevens, 2006). The fact that the population of el-
derly is rapidly growing in the industrialized world suggests
that the scope of this problem can be expected to increase
in future decades (Woolf and Pfleger, 2003).
The statistics sketched above show that it is of great
importance to prevent falls among the elderly. To develop
effective and efficient approaches towards fall prevention
in the elderly, causal factors for falls in this group need
to be determined. Many epidemiological studies have been
published on predictors of falls in the elderly (for over-
view, see Dieën et al., 2005; Lord et al., 2001; Tideiksaar,
1997). However, given the limitations of such observa-
tional designs, these studies often only provide general
directions for prevention. Experimental studies can com-
plement data from observational studies with more de-
tailed insight, which can be used to determine who are
at risk for falls and which are the modifiable factors
determining fall risk.
Fall incidents and the ensuing injury process are multi-
factorial. Environmental hazards, such as loose carpets
and badly visible steps can play a role, but do so usually
in combination with intrinsic factors (Tideiksaar, 1997).
Stable locomotion and even stable stance depend on ade-
quate cardiovascular function, in particular cerebral blood
flow (Carey and Potter, 2001) and adequate proprioception
(Bloem et al., 2003). When moving through a variable and
unpredictable environment, visual contrast sensitivity and1050-6411/$ - see front matter  2007 Elsevier Ltd. All rights reserved.
doi:10.1016/j.jelekin.2007.06.001depth perception are crucial for detection of environmental
hazards (Lord, 2006). Moreover, responses need to be se-
lected to deal with these hazards, which requires adequate
processing of the information and it has been shown that
the level of cognitive functioning affects this (van Schoor
et al., 2002). Subsequently, selected responses need to be
carried out adequately, which can be limited by neural
and muscular factors. When perturbations of balance oc-
cur, as they inevitably do, impairments of the sensory sys-
tem may limit detection. Again adequate response selection
and execution may serve to regain balance and prevent a
fall. Finally, even when a fall is inevitable, the conse-
quences can be limited by changing the mechanics of the
fall and ground contact. Research aspiring to contribute
to fall prevention, therefore, needs to be multidisciplinary.
The role of epidemiology was already mentioned, but given
the above contributions from sensory physiology, muscle
physiology, neurophysiology, neuropsychology, and bio-
mechanics are necessary.
This special issue aims to provide an overview of exper-
imental work that attempts to provide a basis for the pre-
vention of falls and fall-related injuries in the elderly. It is
based on the presentations of a group of invited partici-
pants to a symposium organized as part of the 5th World
Congress of Biomechanics held in Munich, Germany in
August 2006. Consequently, the focus is on biomechanics,
but the importance of neurophysiological and muscle
physiological issues and research approaches will be evi-
dent in many of the papers presented. Obviously, the for-
mat of conference presentations of 10 min is less than
ideal for providing a broad overview of the field of study.
Where appropriate, the authors were, therefore, invited
not to confine themselves to presenting a single study,
but rather to provide an overview of their own work in this
field. We believe that in this way the issue will provide a
valuable introduction for those new to this field and those
interested in the broad aspects of experimental research on
this topic.
The first paper by Granata and Lockhart focuses on sta-
bility of gait. The authors use a numerical method derived
from the theory of dynamical systems to quantify stability
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a history of falls. This relatively new approach that was
pioneered in the work of Hurmuzlu and Basdogan (1994,
1996) shows promising results for identification of fall-
prone elderly.
Hsiao presents a review of work using the so-called
tether-release method, which is used to simulate a forward
fall by releasing a subject who is initially held in a static in-
clined position by means of a horizontal tether. The tether-
release method is intended to simulate a forward fall, such
as would occur after tripping, and has been used to pin-
point biomechanical parameters that determine the ability
to recover balance. The literature has mainly focused on
the step taken after release to change the base of support
in order to regain balance. Results indicate that neuromus-
cular capacities that relate to lower extremity flexibility,
reaction time, and strength are all important for balance
recovery.
The paper by Pijnappels et al. further explores this type
of falls by an overview on balance recovery after tripping in
relation to muscle strength. These authors have mainly fo-
cused on balance recovery reactions that occur prior to the
change in base of support brought about by placing a leg
forward over the obstacle that induced the trip. The stance
leg during this phase can already brake the forward fall and
it is shown that leg muscle strength is a determinant of the
capability to recover balance. In addition, pilot data are
presented that indicate that resistance training in elderly
might improve this ability.
In addition to trips, slips constitute a major cause of
falls (Berg et al., 1997). Grabiner et al. review the impor-
tance of control over the trunk segment in both types of
gait perturbations. They conclude that for both trips and
slips, the ability to limit trunk motion discriminated be-
tween older adults who fell and who were able to avoid fall-
ing. Furthermore, older adults were shown to be able to
rapidly acquire or learn the ability to limit trunk motion
through task-specific training. This suggests that, task-spe-
cific training can synergize with resistance training to re-
duce falls and fall-related injury in older adults.
Lockhart further addresses falls due to slips and shows
that a biomechanical approach can identify modifiable risk
factors in several stages of the chain of events leading up to
an injury. Interestingly, age appears to affect all of these
stages. Changes in gait mechanics with age affect the fric-
tion required for stable gait, but also the visual detection
of a slippery surface and the selection of the appropriate
adjustments in gait to this surface appear to take longer
in the elderly. Finally, recovery responses after a slip are
less effective in the elderly than in young adults.
While falls during level gait may be more prevalent, falls
occurring during stair negotiation can have dramatic con-
sequences (Berg et al., 1997), with 10% of fall-related
deaths reported to occur on stairs (Startzell et al., 2000).
Up to date, few studies have addressed stair negotiation
by the elderly. Reeves et al. present result suggesting that
stair descent requires close to maximum moments to beproduced by the calf muscles. The lower capacity of the el-
derly then forces them to use a different strategy shifting
load from the ankle to the knee, which may have adverse
consequences for balance control.
Once a fall occurs, different fall techniques, often de-
rived form martial arts, may affect the outcome. Only in re-
cent years, have several authors started to address this issue
(Robinovitch et al., 2000). The paper by Groen et al. pro-
vides a concise review of such studies, but also shows that
the commonly made assumption in these studies that veloc-
ity at impact predicts impact force can cause considerable
errors.
The issue of injury prevention through training in mar-
tial arts techniques is further addressed in the paper by
Weerdesteyn et al. It is shown that, after a single short
training session, substantial reductions in impact force
can be achieved by young adults. This type of training
has already been integrated in programs for the prevention
of fall-related injuries in the elderly (Weerdesteyn et al.,
2006), showing that such an approach is feasible even for
elderly people. However, the effect of this training in this
group remains to be investigated.
Finally, Maki et al. provide an overview of their work
on interventions aimed at fall prevention. The interven-
tions studied have in common that they focus on bringing
about an effective change in the base of support to prevent
a fall. Encouraging results in terms of short-term effects on
balance recovery were obtained of training by means of
support perturbations, of footwear that enhances feedback
when approaching the boundary of the base of support, of
the redesign of a walker to allow a lateral step in case of a
sideways perturbation and of cueing for handrail use to ex-
pand the base of support.
All together, these papers provide information ranging
from fundamental aspects of age-related changes in bal-
ance control during locomotion, up to the effects of inter-
ventions ready to be applied. The work compiled here in
this sense is in our view a good example of what is called
‘translational research’, which aims to bridge the gap be-
tween basic research and real-life application. We hope
that this special issue will provide a valuable introduction
and will challenge and inspire researchers to contribute to
this important field.
Shortly after this special issue was completed, Dr. Ke-
vin Granata was killed in the tragic events at Virginia
Tech on April 16th 2007. Dr. Granata was an outstanding
scientist who made important contributions to the field of
biomechanics. While he is probably most known for his
work on spine biomechanics especially on stability of
the human spine, he more recently expanded his research
to stability in relation to human movement in general.
The paper in this special issue illustrates some of what
he had achieved and gives us a glance of how much more
he would have been able to achieve in this area. For those
of us who had come to know him, Kevin was a great col-
league, a very friendly and supportive person, whom we
will dearly miss.
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